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Modtaget 

1 PVS 
TITLE: A meihod to get increased yield of lactobionic acid. 

FIELD OP THE INVENTION: 

5 A method for getting ino^eased yields of lactobionic acid comprising adding to a daily base, 
such as milk or whey, a carbohydrate oxidase, capable of converting lactose to lactobionic acid» 
wherein the method is performed under stably control of pH from pH 5 to 6.9. 

BACKGROUND OF THE INVENTION: 

10 

Lactose, commonly called milk sugar, is the primaiy caibohydrate of milk. In milk based dairy 
products such as yoghurt, cheese and miUc lactose may be considered a low value sugar because 
of e.g, lactose intolerance and due to its contribution to browning reactions and crystallisation. 

IS Carbohydrate oxidase oizymescs^te of convert^ 
reaction scheme may be described as: 

lactose + VzOz lactobionic acid 
See figure 1 for forther details. The CAS reg. no. for lactobionic add is 96-82-2. 

20 WOQ2/089S92 (Kraft Foods) describes a number of advantages witih respect to use a lactobionic 
acid in milk based daiiy products and advanta^ with respect of caibohydrate oxidase based 
enzymatic in situ convmion of lactose into lactobionic add during the process of preparing 
milk based dairy imducts. 

25 The advantages relates e,g. to niakmg products with Iwlactoro 

processed cheese products (e,g. tot pizza) Oat have less browniqg problems. Furdaer, in e.g« 
cheese production lactobionic add maybe used to devdq) addity. Generally addity is develr 
oped by fermenting milk with lactic add bacteria that metabolize lactose to produce lactic add. 
Consequently by use of lactobionic acid one may produce relevant products by using less 

30 amounts oflactic add bacteria. 

With respect to the carbohydrate oxidase based mzytDa&c conversion of lactose into lactobionic 
add, WOQ2/089592 osentialty describes that the enzyme is to be added to a dairy base (e.g. 
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milk or whey) and then incubated for a certain period of time at a suitable temperature in order 
to accomplish the enzyme reaction. The description provides no explicit teaching with respect 
to any advantages of maintaining the pH at a certain level during the enzymatic reaction. If pH 
is not controlled the pH will decrease during tiie reaction due to the gen^ation of the lactobi* 
S onic acid. 

In example 9 of WOQ2/089592 milk is incubated with the enzyme oxidase overnight No refer- 
ence is made by any control of pH. After the overnight incubation, the treated milk comprised 
1 .5% lactose and 3.2% lactobionic acid, which causes a conversion of lactose to lactobionic 
10 acid of 68%. 

In example 12 B) and 1 2 C) milk is incubated with flie oxidase for 48 hours at 55 X. During the 
reaction the pH is maintained at pH 7. No explanation is given for this pH control and no lacto- 
bionic acid yields are provided in tbsse exaniples. 

15 

WO03/037093 ^ovozymes) also describes a carbohydrate oxidase based en^matic convmion 
of lactose into lactobionic acid during the process of preparing milk based dairy products* As 
for WOQ2/089S92, tins document is also silent with respect to any advantages of maintaining 
tfie pH at a certain level during the mzymatiic reaction. The only specific working example de- 
20 scribes that full & milk was incubated with the oxidase and attowe^ 

4.2 was reached It thus appears that pH was not controlled as pH of natural fiesh miOc is 
SQyproximately 6.6. 

WO02/39828 (Danisco) relates to a process where a hexose oxidase solution is sprayed onto a 
25 pi^ with cheese and the advantageous efiect of less browning (termed '^ifaillard reaction'O of 
the pizza cheese is demonstrated. This document is also silent with respect to any advantages of 
maintaining the pH at a certain level during the enzymatic reaction. 

SUMMARY OF THE INVENTION: 

30 

The problem to be solved by the present invention is to provide a method to get higher yields of 
lactobionic acid fiom a daiiy basa 
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3 



The solution is based on the observation by the present inventors that by stably maintaining the 
pH to a value from 5 to 6.9 during the carbohydrate oxidase based enzymatic conversion of lac- 
tose into lactobionic acid higher yields of lactobionic acid than described in &e art are adiieved. 

S Accordingly^ a first aspect of die invention relates to a mettxod for the preparation of a composi- 
tion comprising lactobionic acid comprising 

(i) adding to a dairy base a carbohydrate oxidase, capable of converting lactose to lactobionic 
acid, 

(ii) incubating for a suitable time at a smtable temperature in presence of a suitable amount 
10 of oxygen to obtain the composition conq>rising lactobionic acid, and 

(iii) optionally, puriQong the lactobionic acid in a suitable to get a conqxisition compris- 
ing lactobionic acid with a desired degree of lactotnonic add purity, 

characterized in that during the incubating the pH is maintained, by adequate addition of a base, 
atapHfiomS to6.9. 

IS 

Preferably, the adequate addition ofa base is done for a tinie period that is sufficient Ic^ 
a degree of conversion of lactose to lactobtonk acid that is at least 2.5% higher flian in a com- 
parative control medKMl where tfie only comparative difii^enee is that during die incubation the 
pH is not maintained by adequate addition of a base. 

20 

For illustration, in woddng exanqsles herdn is shown that the degree of conversion of lactose to 
lactobionic acid of the control sample was 41% and by maintaining pH stable as described 
herein the degree of conversion increased to 90%. 

2S If the dairy base is for instance milk or whey the resulting milk or whey ccnnposition with 
hig^ yield of lactobionic acid may thm advantageously be used to make a dairy product sudbt 
as cheese, yoghurt or milk. Numerous suitable uses of a composition comprising lactobionic 
add as desmbed herein to make a dairy product of interest is known to tihe skilled person and 
reference is e.g. made to the prior art publications discussed above. 

30 

Accordingly, a second aspect of the invCTtion relates to a process for making a dairy product 
compii^g first to make a composition comprisiiig lactobionic acid according to a metfiod for 
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making sudi a coiiq)osition as described herein and then use this composition to make the dairy 
product. 

imAWINGS 

5 

Figure 1 shows a reaction scheme for acaihohydrate oxidase enzyme conversion of lactose to 
lactobionic add. 

DETAILED DESCRIPTION OF THE INVENTION: 

10 

Dairy base: 

The term "dairy base" is to be understood as any milk or milk Uke product including lactose, 
sudi as whole or low fet milk, skim miDc, buttermilk, condensed inilk. dried nMlk,w whey 

15 permeate, lactose, mother liquid fiom crystallization of lactose, whey protein concentrate, or 
cream <M(igtiiatiiig from any animal. 

Prefoably the dairy base is milk and more preferabty v/bsy at fractions of whey. 

20 The term 'T^lk" is here to be understood as the lacteal secretion obtained by milking any 
mammal, such as cows, sheep, goats, IrafBiIoes or camels. 

The present method is especially suitable for relatively large scale production. Accordingly in a 
preferred embodiment is used from 50 kg to 500000 kg of the dairy base in tiie method as de- 
25 scribed hodn. 

Lactobionic acid; 

It is to be understood tiiat the term "lactobionic acid" relates to tiiat flie end-product can be lac- 
30 tobionic acid or salts flierebf Suitable salt inchide Na-lactobionate, Carlactobionate and K- lac- 
tobionate. 

The base used for pH control is selected to control die type of lactobionate produced. 
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5 



A number of suitable carbohydrate oxidases, capable of converting lactose to lactobionic acid, 
are known and available to the skilled person. It may for instance be a hexose oxidase or a glu- 
5 cose oxidase. 

Preferably, the carbohydrate oxidase is a microbial carbohydrate oxidase. 

A suitable hexose oxidase (ECLL3.5) is described in WO96/40935 (Bioteknologisk Ihstitut, 
10 Denmark), This document d^cribes a suitable hexose oxidase fiom noarine algal species more 
particular wherein the marine algal species is one selected fiom the groiqp consistii^ otOion- 
drus crispus, Iridopl^cusfteuicidum and Euthora crisiata. 

Other suitable carbohydrate oxidase may be doived, e.g., fiom a mitosporic Pyrenomycetes 
IS such as Acremonhim^ in particular, A. strtctum^ sudi as ATCC 34717 or Tl; A.fiisidioides, such 
as IFO 6813; or A.potronii, such as IFO 31 197. In a preferred embodimrat the carbohydrate 
oxidase is obtained from the source disclosed by Lin, &t al, (1991, Biochim. Biophys. Acta 
1 1 18:41-47) and in JP-A 5-84074. 

20 &i a preferred embodiment flie carbohydrate oxidase is a carbohydrate oxidase obtained fiom a 
fimgus belonging to the genus AdRcradbcA/fiiii, morefmferably wheremtfie fiu^us isAficra^ 
chium nivale and cvm more preferably wfaeiem the fimgus is Microdochium nivale CBS 
100236. Such a preferred oxidase is described in details in WO99/31990 (Novo Nordisk A/S). 

25 The amount of oxidase to be used will gsnmSiy depend on die specific needs. Preferably, an 
amount of oxidase is used that is fiom 0.1 to 1000 OXU per kg of dairy base, more preferably 
fioml to 500 OXU per kg ofdairy base, and even more preferably fix>m 5 to 100 OXU per 1% 
of dairy base. 

30 An Ogddase Unit (OXU) is herein basically defined as the amount of enzyme that oxidizes one 
imiol lactose per minute und^ ttte incubation conditions of fiie method one specifically uses. 
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Incubating under suitable conditions: 



Incubation according to stq> (ii) of die method as described herein should be for a suitable time 
at a suitable temperature in presence of a suitable amount of oxygen to obtain the composition 
5 comprising lactobionic acid. It is within the general knowledge of the skilled person to deter- 
. mine such sutable conditions in relation to the specific elements of a spedfic method o^ 
est. 

Gcmerally, a suitable time should be a thne pmod that is long enougli to obtain the degree of 
10 conversion oflactose to lactobionic of intere^ 

The conversion of lactose to lactobionic consumes oxygea. This can e.g. be seen in the table of 
example 1 h^rdn. Accordingly, if the oxygBa is mcmitored during the enzymatic reaction one 
will genially see an initial drop in oxygen amount which, if e.g. air is constant^ provided, will 

IS retum to around the initial level whm the razyme reaction termiiiates.^ 

turned to more than 90% of tiie initial level it is an indication for that tte enzymatic reaction has 
ended or at least been significantly slowed dowrt According^, a suitable time period could 
inreferably be for a time poiodthat at least last until the oxygen level of the incubated dairy base 
has returned to more than 90% of tiie initial leveL This is especially if one watrts maximum 

20 convmion of lactose. 

Generally a suitable time paiod is fix>m H hours to 3 days, more preferably fiom 2 hours to 24 
hours, even more prefoablyfiram 2 hours to 12 hours. 

25 A suitable temperature will genraallydq^md on tiie oxidase used and is ge^^ 

according the optimal reaction temperature for the oxidase. Genmlly, ia suitable temperature 
will be form O^C to SO^C. Low tmperature, as for instance S^'C, results in a relatively slow re* 
action rate, but has the advantage of representing tiie typical tenqieratare for cold stored prod- 
ucts. 

30 

A suitable amount of oxygen may for instance be obtained by continuously mixing air into tiie 
dairy base under incubation. The skilled person knows how to optimize tiiis. 
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7 



As raplained above» an important elraient of tbe method as described herein is that during flie 
incubating (of step (ii)) the pH is to be maintained, by adequate addition of a base, at a pH j&om 
5 S U> 6.9 for a time period tfiat is sufficient long to get a degree of conversion of lactose to lacto- 
bionic acid that is at least 2.5% higher than in a comparative control method where the only 
comparative diff^^ce is that during flie incubation the pH is not maintained by adequate addi- 
tion of a base. 

10 The comparative control method should, except for the non addition of the base to maintflin the 
pH, be perfomied identical (same oxidase m same amount, same dairy base, same incubation 
time, temperature and pr^ence of oxygen and etc.) to the method for improving lactobionic 
acid as described herein. This is in accordance with the normal understanding of a control as 
used herein, because the control is made to identify the positive effect of maintaining pH stable. 

15 

The preferred pH value for a specific n^od of interest will, as known to the skilled person, 
dqiend on a number of Actors. Fcnr instance, if daiiy base is milk the natural pH of milk is 
known to be around 6.6 and in such a case it would be preferred to maintain the pH in a value 
around 6.6, sudi as a pH fiom 6.3 to 6.9. 

20 

The base may be any suitsd>le base sudi as an adequate NaOH solution. The iddUed person 
knows nunmous of other suitable bases. Examples are Ca(OH)2, KOH, NH4OH, Mg(OH)2 and 
Na-tripoly-phosphate. 

25 The preferred base will ^erally be a base that relates to tiie preferred mineral conqx>sition of 
the final dairy product. 

For instance, in particular when the diary base is milk, a preferred base may be Ca(OH)2. This is 
in particular prefored if a final dairy product is deared, which is enriched with calcium. As il- 
30 lustrated in a work herein, ttie mefliod as described herein may be used to make a milk product 
ranched with calcium. 
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When the base is e.g. Ca(OH)2 it is possible by using the method as described herein, to make 
Car-lactobionate firom a suitable dairy base. This product can flicn be used as e«g. a dairy product 
additive or an ingredirat as known in the art 

5 Preferably, during the incubating (of step (ii)) die pH is maintained, by adequate addition of a 
base, at a pH from 5 to 6.9 for a time period that is sufficient long to get a degree of conversion 
of lactose to iactobionic acid that is at least 5% higher than in a comparative control method 
where the only comparative difiference is that during the incubation Hxe pH is not maintamed by 
adequate addition of a base, more preferably at least 15% higher than in the comparative control 

10 method^ even more preferably at least 30% higher dum in die comparative control mettiod and 
most preferably at least 45% hig^^ than in the comparative control method. 

For illustration, in woxking exaiiq>la herdn is diown that the degree of conversion of lactose to 
Iactobionic add of the control was 41% and by nudntaining pH as described herein the degree 
15 ofconversion increased to 90%. 

Prefmbly die pH is mamtained, by adequate addition of a base, at a pH from S.S to 6.9, more 
prefmbly at apH from 6 to 6.9. 

20 Ftefmbly, die pH is maintained at the stable pH level as described herein from die start of die 
enzymatic reaction. In odier words, immediately after die oxidase is added to the dairy base the 
base is added to maintain die pH as desmbed herdn. 

Especially if one wants maxunum conversion of lactose it is prefened that die pH is maintained 
25 at die stable pH level as desc^bed h^ein fixr a time poiod that at least last until die oxyg^ 
level of die incubated dairy base has returned to more than 90% of the initial level. 

Prefer3*ly, the pH is maintained at the stable pH level as desmbed hordn for a time period 
from 30 minutes to 3 5 hours, more preferably from 1 hour to 20 hours and even more preferably 
30 from 2 hours to 12 hours. 
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Catalase: 

A catalase is an enzyme that catalyses the reaction: 2 H2Q2 -> O2 + 2 H2O. Hie EC number 
isECUM.6. 

5 

As shown in woridng example 3 herein use of a Catalase significantly improve the degree of 
conversion of lactose to lactobionate acid. Further, use of a catalase decrease the amount of 
H2O2. 

1 0 Accordingly, a separate aspect of the invention relate to a method for the preparation of a com- 
positicm comprising lactobionic acid con^msing 

(i) addmg to a dairy base a cazbohydrate oxidase, capable of converting lactose to lactobionic 
acid, 

(ii) mcubating for a suitable time at a suitable tempmiture in presence of a suitable amount 
is of oxygen to obtain the cQnqK>sition comprising lactobionic acid, and 

Gii) opticmaliy, purifying the lactobionic acid m a suitable way to get a craipod tion comprise 
ing lactobionic acid with a desired degree of lactobionic acid purity, 
wherein thm is also added a catalase in tiiemettiod in an amount that decrease the amount of 

20 

As described above, ^en the carbohydrate oxidase convots lactose to lactobionic acid there 
are generated H2Q2- The reaction sdieme im^ be described as: 
lactose -I- i4Q2 lactobionic acid + H2Q2 

25 The catalase rnay be added after tiie carbohydrate oxidase has reacted to mate 

acid. HowevCT, preferably the catalase is added togettier with the carbohydrate oxidase in step 
(i)- 

An advantage of adding also a catalase togetiier with the carbohydrate oxidase in step (i) is that 
30 one is able to significantly (up to 50%) reduce the requirement of oxygen and tiiereby one does 
not have to siq)ply as mush oxygen e.g. in the form of air. Actaally, if one is adding an adequate 
amount of catalase it is not necessary to supply extra oxygen e.g. in the form of air. The latter 
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preferably tequiies also extra addition of a suitable amount of H202- This extra added HzOimsy 
be based on %Q2 fiom e.g. any suitable conunacial source. 

Accordingly, a prefisrred embodimoit of this separate aspect and the method of its first aspect 
5 of Oie invention is wfaeidn essentially all of ^ suitable amount of oxyg^ required in stq> ^i) 
of tfie mediod of fte sepaate aspect and the method of the first aspect is obtained by extra addi- 
tion of a suitable amount of %Q2 and wherein the catalase derates tfie required oxygen by use 
die available H202< 

10 The tenn'*essaitiaUy all oflfae suitable amoimtofoxygrarrdatBS here to ^tfaoe is 

oxygen for the azymatic reaction to woik idequately and in particular ibaX it is not necessary to 
actively add extra oxygen during tfie incubation step e.g. by continuously nuxlng air into the 
dairy base under incubation. 

IS A prefisned embodiment oftids8q[>arate aspect is whodn during the incu^^ 

tained» by a(tequate addition of a bas^ at a pH fimn 4 to 8 fi»r a time period that is sufiBcient 
long to get a degree of cooveraion of lactose to laetolnooic add lliat is at least 2.5% hi^ier flian 
in a comparative control method where the only comparative difference is tiiat during the incu- 
bation flie pH is not maintained by adequate addition of a base. 

20 

All endiodimeots, as described herein, with respect to tiie melhod of the first aspect of the pr^ 
sent invention axe also preferred embodiments with reqiect to tiie meOiod of tiiis separate a^ect 
of the inventioDL This is particukr relates to tiie prefened embodiment vdiorrai the dairy base is 
milk and the base is Ca(OIQ2- 

25 

Further, all embo^ents, as described hmnn, with req^ to tiw method of flie sqiarate aqject 
of the pr«ent invention, are also preftoed «nbodiments with respect to the method of flw first 
aspect of the mvaition. 

30 In a preferred embodiment in step (i) of fte method of ttie first aspect of tiie present invention 
and the conesponding anbodiments thereof is prrferobly also added a catalase in an amount 
that decrease the amount of H2O2. 
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Preferably^ the catalase is added in an amount that also improves the degree of conversion of 
lactose to lactobionate acid. ... 

A number of suitable catalases axe known to the skilled person* For instance, the commercial 
5 available catalase Catazyme(S)fipomNovozymesA/S. 

The amount of catalase added to ttie method as described herein will generally depend to the 
amount of H2O2 one wants to have in the final dairy product. Accordingly, depending on the 
particular dahy product of interest, especially if the dairy product is milk, the amount of catalase 
1 0 added, to the method as described horein, is an amount that is sufficient big to get an at least 
10% decrease in tiie amount of H2Q2 as compared to a comparative control mefliod where tibe 
only conqmrative diffmnce is that catalase is not added. 

Moreinefoably, the amount of catalase added to tfie method as desorlbed herein, is an amount 
IS that is sufficient big to get an at least2S% deoeaseinthe amount of H2O2 as conqiared to a 
comparative control method vrbiBto tiie only cmiparative difference is that catalase is not added, 
even more preferably tiie amount of catalase added to the method as described herein, is an 
amount that is sufiBcient big to get an at least 75% decrease in die amount of H2Q2 as compared 
to a comparative control me^od whm the only conqiaraiive difference is that catalase is not 
20 added 

The comparative control method should, except fiar the non-addition of die catalase, be per- 
formed identically (same oxidase in same amount same dauy base, same incubadon time, tem- 
perature, presence of oxygen and additicm of base and etc.) to the method for iminovuig lacto- 
2S bioiucacidas(tescxibedhmin.Thi8isinacconlancewiththenornialunde^ 

trol as used herein, because the control is made to idea&fy the positive effect of the addition of 
catalase. 

Extra purification of the lactobionic acid: 

30 

Optionally, it is possible to purify the lactobionic acid in a suitable way to get a composition 
comprising lactobionic acid with a desired degree of lactobionic acid purity. 
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The skilled person knows how to do that and depending on the specific needs of interest a com- 
position comprising at least 30% lactobionic acid, or at least 90% lactobipnic acid may be ob- 
tained. 

S Suitable ways of purifying the lactobionic add are filtration, ion exchange, concentration and^ 
drying. 

A composition comprising lactobionic acid may be used e.g. as a food additive or ingredioit in 
a way known in the art 

10 

Starter culture comprising lactic acid bacteria: 

Ih general, extra elements or ingredients may be included in the method as d^^cribed herein in 
agreement with specific needs. The ddlled person known is aware of numerous of such extra 
IS elements or mgredients. 

In a prefoied embodimmt a startor culture conqirising lactic acid bacteria maybe included in 
the mediod as described hereiiL The starter culture may be added to the diary base before or af- 
ter tiie oxidase is added to the base. This will dqiend on the specific fermentation profile one is 
20 interested in. 

The term "lactic acid bacteria" denotes hesem a gtoup of Gram-positive, non-sporing bacteria, 
which carry out a lactic acid femientati<m of sugars. 

25 Among oHhets, it includes species of lactic acid bactma belonging to genus Ladobacillus^ such 
as Ladobacittus helveticus, Ladobacillus delbruckU subsp. bulgaricus^ etc., lactic acid bact^ia 
belonging to graus Lactococcus, such as Ladococcus ladis^ lactic acid bacteria belonging to 
genus StreptomccuSy such as Streptococcus salivarius^ lactic acid bacteria belonging to genus 
Leuconostoc^ such as Leuconostoc laciis, lactic acid bacteria belongmg to genus Bifidobacte" 

30 rmm, such as Bifidobacterium longuni or Bifidobacterium, breve^ and lactic acid bacteria b^ 
longing to genus Pediococcus. 

The lactic acid bact^a may be used as a mixture with other microorganisms, e.g. yeasts. 
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A process for making a dairy product 



As described above, numerous suitable uses of a composition comprising lactobionic acid as 
described herein to make a dairy product of interest is known to the ^Ued person and ref^ence 
5 is e.g. made to the prior art publications discussed above. Accordingly, once a compositi(»i 
comprising lactobionic acid is made by the method as described herdn this composition may be 
used in any suitable way to make a dairy product of interest 

The term "dairy product" is to be understood as any dairy product including a dairy base, as de- 
10 fined above. Examples of dairy products qiplicable for the present invention are products like 
yoghurt, milk such as e.g. a calcium fortified milk ai^ dieese such as process cheese (e.g. fin: 
■ piz»), cream cheese and cottage dieese. 

15 

Example 1: 

In a large scale trial wiOi 4001% substrate soluti<m consistuig of 6% whey pemieate powdw 
(fiom EPI, France). Tonperatuie was a^usted to 49°C. 
20 Carbohydrate oxidase enzyme dosage cone^onding to 40000 OXU in 400Litre sohition » 
1250g enzyme. The enz^e was achieved fiom MicrodotAium nivale as described in patent ap- 
plication WO 993 1 990. A Q^dase Unit (OXU) is basically defined as the amount of enzyme 
ttiat oxidizes one pmol lactose per minute under the bare stated conditions. Here is one OXU 
defined as one mg of pure lactose oxidase enzyme - relative to an en^rme standard. 

25 

Reaction was followed by pH and oxygen sensor. Air was mixed into ttie substrate by re- 
circulation of substrate to the tank utilizing the pump turbuloice (Landia pump 5.5kWh). 
When oxygen has returned to >90% the reaction is finished and the product was heated to 85"C 
for enzyme inactivation. Samples were taken during die reaction, and were heated to 85^ for 
30 inactivation of the enzyme. 

pH in substrate solution before enzyme addition was 6.52. After termination (5 hours reaction 
time) of the reaction pH had decreased to 3.62. Oxygen content in substrate was 5.82mg^ at 
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time = 0 and reduced within 5 mmutes after enzyme addition to less than O.Smg/L. Data bom 
the trial is sera in the table below. 



b^r.'.t:H,.U.|IN:l.-l 


nU 1 
P" 










5 


6 39 


0,50 


15 


6.02 


0.49 


30 


5.63 


0.33 


60 


5,12 


0.40 


65 


5.02 


0.40 


90 


4,82 


0.42 


120 


4.46 


0,32 


175 


4.00 


0.12 


240 


3.70 


0,90 


250 


3.66 


1,70 


260 


3.64 


3.66 


270 


3.64 


4.00 


280 


3.64 


4.45 


290 


3.62 


5,45 


300 


3.62 


5.52 



Degree of conversion of lactose to lactobionic acid was 41%. 
Example 2 

10 166 kg substrate similar to the one described in example 1 was added carbohydrate oxidase 
833g (conesponding to 26700 OXU). The oxidase used was the same as in example 1. pH was 
held in the range 5 - 6 by addition of 5N NaOH solution. When oxygen level returned to initial 
level (after 5 hows) a total amount of 3910 mL 5N NaOH had been used for pH-control, This 
amount corresponds to the conveiston of > 90% lactose to lact«>bionate according to toe reaction 

IS scheme: 

lactose + %Qj -> lactobionic add + Ha02 . where the NaOH is balance the acid fonned. 
Examples 

20 166 kg substrate similar to tiie one described in example 1 was added carbohydrate oxidase 
441g (conesponding to 14100 OXU) and Catalase 25L dosage 39g. The oxidase used was toe 
same as in example 1 . The Catalase was Catazyme® fixnn Novozymes A/S. 
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pH was held in the lange 5 - 6 by addition of 5N NaOH solution. When oxygen level returned 
to initial level (after 4 hours 40 minute) a total amount of 4860g SN NaOH had been used for 
pH-control. This amount corresponds to the conversion of 100% lactose to lactobionate acid. 

S Example 4: 
Objective 

The objective was to test the concq>t of producing Ca-fortified miUc by lactose oxidase cata- 
lysed reaction in milk by keeping pH constant with Ca(OIQ2 additioa Samples were taken al 
10 different base additions and the milk is heat treated and evalu^ 

Method 

Substrate skim milk l.Skg 

Tempofature SOC 
IS Fresh air is flushed over the sur&ceoftfae stirred substrate. 

fiizyme was cazbohydrate oxidase preparation fiom M.nivale dosage 0.08SOXU/g solution 

» 3 .98g. The oxidase used was the same as in exanvle 1 . 

Catalase 25L dosage O.Sg (Catazyme® fiom Novozymes A^). 

The oxidase and catalase was added to the substrate and incubated as described below. 
20 pM is k^t constant by addition of IN Ca(OH)2 

Samples of lOOmL were taken after base c(msunq>tion oflUlmL and 41.1SmI^ and h^ treated 

SS^'C for IS minutes. 

After cooling the samples were evaluated with respect to taste and stability. 
25 Result 

pH in skim milk is 6.65 at 50°C, which was used as the set-point in tiie pH-stat titration unit 
pH in the samples were 6.76 and 6.88 measured at room temperature. 
None of the samples were grainy or had any sign of sediment The last sample seemed slightly 
more viscous. Taste was good for both samples and no o£f flavour was detected. 

30 

The Ca-level in the milk after the Ca(OH)2 addition was increased: 
Sample 1:48% 
Sample 2: 88% 
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The degree of conversion of lactose to LBA estimated fiom the amount of base used was: 

Sample 1 : 22.2mL corresponds to 1 1% conversion 

Sample 2: 41 . 1 5mL corresponds to 20% convmion 

5 Conclusion 

This example demonstrates that a Ca-fortified miUc without taste defects can be produced by 
addition of Ca(0H)2 during enzymatic oxidation of lactose to lactobionic acid as long as the ad- 
dition of base is done in a titration equipm»t keeping pH constant Ca-addition up to 88% extra 
in the skim milk was obtamed. This level by far exceeds the level normally aimed at m milk 
10 drinks. 
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CLAIMS 

1. A method for the preparation of a composition comprising lactobionic acid comprising 

(i) adding to a daily base a caibohydiate oxidase^ capable of converting lactose to lactobionic 
5 add, 

(ii) incubating for a suitable time at a suitable temperature in pf^ence of a suitable amount 
of oxygm to obtain the composition conqirising lactobionic acid, and 

(iii) optionally, purifying tiie lactobionic acid in a suitable way to get a composition conqnis- 
ing lactobionic acid witii a desired d^;re6 of lactobionic acid purity, 

10 characterized in that during the incidiatin^ 
at apH fix>m S to 6.9. 

2. The mefhod of claim 1, wherein the adequate addition of a base is done foft a time period ttiat 
is sufBciat long to get a degree of convansion of lactose to lactobionic add tiiat is at least 2.S 

IS %Mgh9tiian in a comparative control mdhodwhm the oidycomparati 
dming the incubation the pH is not maintained by adequate addition of a base. 

3. The mefliod of claims 1 or 2, wherdn flie dairy base is milk ormore preferably whey or ftao- 
tions of whey. 

20 

4. The method of any of the preceding claims, wherdn tiie carbohydrate oxidase is amicrobial 
caibohydiate oxidase. 

5. The method of claim 4, wherein the caibohydrato oxidase is a carbohydrate oxidase obtained 
25 ftom a fungus belonging to die gmus Microdochium, more preferably wherein the fungus is Mi- 

crodochium nivale and even more preferably wherein the fungus is Microdochium nivale CBS 
100236. 

6. The method of any of the preceding claims, wherein the there is used an amount of oxidase 
30 tiiat is ftom 0, 1 to 1000 OXU per kg of dairy base, more preferably from 1 to 500 OXU per kg 

of dairy base, and even more preferably fiom 5 to 100 OXU per kg of dairy base. 
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7. The mettiod of any of the preceding claims, wheron the suitable tenveratute of step (ii) is 
fiomO^CtoSCC. 

8. The method of any of flie preceding claims, wherdn ttie base is Ca(OI02 

S 

9. The method of any of the preceding claims, wherein during the incubating (of step 0i)) the 
pH is maintained, by adequate addition of abase, at apH from 5 to 6.9 for a time period that is 
suffident long to get a degree of convernon of lactose to lactobionic acid diat is at least S% 
hi^a than in a cc»iq>axative control method where the only eoaapasaAve diffemice is that dur- 

10 ingflie incubation the Ida is not maintdned by adequate addition ofa base, more preferably^ 
least 15% higjhor than in the conqpaiative control m^hod* even more preftrabfy at least 30% 
hi^or tfian in the comparative control method and most preferably at least 45% fai£|i«r than in 
tfie conqiarative coimol metiiod. 

15 10. The method of any of tiie precedii« clahns, wfaerdn the pH is maintained, by adequate addi- 
tion of abase, at a pH from 5.5 to 6.9, more ineferably at apH from 6 to 6.9. 

1 1. The method of any of tiie preceding claims, vdia<(»n the pH is maintained at die st^le pH 
from the start of tiie ens^madc reaction that is convrating lactose to lactobimuc acid. 

20 

12. The mettiod of any of flie preceding claims, wfaeidn the pH is m ai nt ai ne d at the stable pH 
level for a time period that at least last until the oxygen level of the incubated daily base has re- 
turned to more than 90% of the initial level. 

25 13. The method of any of the preceding claims, wherein the pH is maintained at the stable pH 
level as described herein for a time period from 30 minutes to 35 hours, more preferably from 1 
hour to 20 hours and even more preferably from 2 hours to 12 hours. 

14. The method of any of die preceding claims, wherein in step (i) of the method of claun 1 is 
30 also added a catalase in an amount that decreases the amount of H2O2. 
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15. The method of claim 14, v^erdn tfie amount of catalase added is an amounl that is suffi- 
cient hig to get an ^ least W/c decrease in flie amount of H2O2 as ccmipared to a c«iq)arative. 
control method where tiie only comparative difference is thai catalase is not added. 

5 16. The meUiod of claims 14 or IS, wherein essentially all of the suitable amount of oxygen re- 
quired in st^ (ii) of claim 1 is obtained by extra addition of a suitable amount of and 
wherein the catalase generates the leqaized o^Q^en fiom the available H2O2. 

17. The mettiod of any of the precedii^ claims, wherein by making purification according to 
10 stq) (ill) of claim 1 is obtained a conqiosition conqnising at least 30% lactobi(»iic add or at 

least 90% lactobionic acid. 

18. The method of any of the piecedmg claims, wherein a starter culture comprising lactic acid 
bacteria is included in ttie method of flie preceding claims and whaein the starter culture may 

IS be added to the diary base before or aft» the oxidase is added to the dairy base. 

19. A process for making a dairy product comprising first to make a composition comprismg 
lactobionic acid according to a meAod for making such a composition according to any of 
claim 1 to 17 and then use this com|)orition to make ttie dairy product. 

20 

20. The process of claim 19, wherein the dairy product is a dairy product selected form the 
groiqi consisting of a yoghurt, a milk such as e.g. a calcium fortified milk and a cheese sudi as 
process cheese (e.g. fbr pizza), cream cheese and cottage cheese. 

2S 
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ABSTRACT 

A method for getting increased yields of lactobionic acid comprising adding to a dairy base, 
such as milk or whey, a carbohydrate oxidase, citable of conveiting lactose to lactobionic acid» 
S wherein ftemediod is p^ormed under stably cQntn>lofpHfiompH 5 to 6.^^ 
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